Abstract. This study reports the commercial demonstration of solid fuel production from non-segregated municipal solid waste (MSW) employing the hydrothermal treatment. Non-segregated MSW are fed into the reactor, and then, 220℃, 2.5MPa saturated steam is supplied into the reactor and the blades installed inside the reactor rotates to mix MSW and steam for about 30 minutes. Then the product is discharged after extracting steam. The product is powder-like substance and the moisture content is almost the same as the raw material, but is easily dried by natural drying. The inert material such as metal, glass and stones can be easily sieved out after drying. There is almost no bad smell in the solid products, and the products can be used as solid fuels which can be mixed with coal for power generation or cement production. Only 10-15% of the product is enough for steam production in a boiler. This study focuses on the product properties and mass & energy balances of the HTT commercial plant located in Indonesia with the treatment capacity of 25tons/12 hours.
Introduction
In developing countries like Indonesia, municipal solid waste (MSW) is mostly disposed of in landfills by the open dumping method and this creates numerous environmental problems. The problem of MSW management is much more acute in metropolitan cities like Jakarta where land available for landfilling is scarce. Presently, Jakarta generates approximately 7000 tons of MSW every day which is likely to increase day by day. Due to the difficulty of getting the public acceptance of MSW incinerators as well as the MSW segregation, an advanced non-incineration based technology with the benefit of recovering energy from MSW without segregation is a promising alternative for solving the waste disposal complexity in developing countries.
MSW needs to be pre-treated for ease of use as a fuel resource. Pre-treatment of wastes requires crushing, drying and deodorizing, which are normally different processes. But we have developed innovative hydrothermal treatment technology (HTT) which can perform these three pre-treatment functions in one process utilizing high pressure saturated steam. We have been operating a commercial HTT plant with the capacity of 25tons/12hours for nearly one year in Indonesia and found that HTT is a suitable MSW treatment technology for Indonesia due to its acceptance of non-segregated and high moisture content MSW. The aim of this paper is to present a comprehensive data set of MSW and to generate renewable solid fuel from MSW in mega-cities of Tangerang, around Jakarta. This paper focuses on the HTT product properties and the mass & energy balance analysis of the plant for optimizing the operation conditions of the plant. Figure 1 shows the operating principle of HTT. Non-segregated MSW are fed into the reactor, and then, 220℃, 2.5MPa saturated steam is supplied into the reactor and the blades installed inside the reactor rotates to mix MSW and steam for about 30 minutes. Then the product is discharged after extracting steam. The product is powder-like substance and the moisture content is almost the same as the raw material, but is easily dried by natural drying. The inert material such as metal, glass and stones can be easily sieved out after drying. There is almost no bad smell in the solid products, and the products can be used as solid fuels which can be mixed with coal for power generation or cement production. Only 10-15% of the product is enough for steam production in a boiler. During HTT, the bound water in the cells of MSW becomes free water by destroying the cell walls under the hydrolysis reaction with steam. Hence in principle, this treatment itself is not a drying process, but will enhance the drying process by changing the bound water into the free water so that the surface moisture removal is made easy and accelerated.
Hydrothermal Treatment
In our commercial plant, the main components are the reactor, the boiler and the condenser. The reactor is a pressure vessel with the inner volume of 10 m 3 . High pressure steam is supplied into the reactor for treating MSW. The reactor consists of two valves, one is supplying MSW into the reactor from the top and another is for discharging treated MSW after the treatment from the bottom. A screw type rotor is fitted inside the reactor, which can rotate in either directions by an electric motor. The uniformity of the treatment throughout the MSW feedstock was ensured by this rotor. The boiler with the capacity of 2 tons/hour uses a part of dried HTT product of MSW as a fuel, whose amount is about 10-15% of the total produced amount. The boiler can supply medium-pressure saturated steam with the pressure of 2-2.8 MPa.The condenser is a ejector type indirect water cooled one, being used to condense the released steam from the reactor after the treatment. It also functions as an ejector to remove steam from the reactor.
Operational Method

Apparatus and Experimental Procedure
The hydrothermal treatment of MSW was performed using the reactor shown in Figure 2 . In this batch-type treatment, MSW was fed into the reactor with supplying 2.5 MPa saturated steam into the reactor gradually from the boiler while being stirred by the rotor unit. The temperature was around 180-250 °C. After reaching the target temperature, the reactor was held at the set temperature for 30 and 45 minutes. When the holding time finished, steam supply was stopped and the pressurized steam inside the reactor was discharged to the condenser until the reactor reached the atmospheric pressure. Then, the treated products were extracted from the reactor and naturally-dried in the greenhouse for about 2 days to obtain dried products for further analyses.
Raw Material
MSW was the one obtained from summarecon serpong, Tangerang, middle sized city in Indonesia. It was consisted of food residue, paper, plastic, diaper, etc (components such as glass, metal, textile, styrofoam, canned, B3 wood, rubber and others were in negligible amounts). The detail composition of MSW is shown in Table 1 , which indicates that the major composition was organic. Table 1 . Composition of MSW in summarecon serpong.
Classification Waste Composition (%)
Organic 59
Paper 23
Diapers 2
Plastic 13
Etc 3
Results and Discussion
Proximate and Ultimate Analysis
The proximate and ultimate analysis data of the hydrothermally treated MSW is presented in Table 2 , where the HTT product properties of surrogate Japanese, Indian and Chinese MSW [1] and that of Japanese real MSW [2] are compared. It can be seen that volatile matter in the product is very high compared with coal. Figs. 3 and 4 compare the mass balance analysis results for the cases of the holding time of 30 minutes and 45 minutes. By increasing the holding time, steam supply per unit mass of MSW increased but the product properties were not so different. So we can conclude that the holding time of 30 minutes is enough.
Figs. 5 and 6 compare the energy balance analysis results for the cases of the holding time of 30 minutes and 45 minutes. Here, the energy content of the MSW (dry-base) was taken as 100% for the energy balance calculation. The energy required for the boiler fuel can be calculated based on the water and steam enthalpy difference through the boiler combined with the claimed boiler efficiency and utility. The energy loss to condenser and water content inside the product were also calculated based on their temperature. The heat loss was obtained from the difference in the total energy balance. These figures clearly show that the energy requirement for steam production is less than 15% of the energy content of MSW and only a part of produced fuel is enough for the steam supply.
From the mass balance, we can see that the amount of steam discharged in the case of the 30 min. holding time was more than that in the case of the 45 min. holding time because the raw MSW were different type and mass. And in the energy balance, the heat loss in the case of the 30 min. holding time was 12.5 % and was higher than that in the case of the 45 min. holding time (9.4%). This is because that the steam input shall be increased when the plant is started from the cold state (in the case of the 30 min. holding time). If the reactor is already in the hot state, the pressure increase inside of the reactor can get faster than that when the reactor is in the cold state. 
Summary
A commercial hydrothermal plant has been successfully operated in Indonesia for solid fuel production from non-segregated MSW. With the reaction pressure of 2.5MPa and the holding time of 30 minutes, MSW can be converted into powder-like solid fuel with the heating value higher than 17 MJ/kg. The mass and energy balance analysis show that around 15% of the produced solid fuel is enough to supply the required amount of steam for the hydrothermal treatment, and the running cost of the plant is low.
